B
ODY fatness and abdominal body fat accumulation increase with advancing age (1) (2) (3) . Abdominal obesity in older age is associated with an increased risk for disease, including cardiovascular disease (4) (5) (6) , cancer (7) , stroke (8) , respiratory disease (9) , and diabetes mellitus (10) . Due to the increase in abdominal fat with age, attention to possible behavioral factors that may be associated with body fat distribution is of major importance to a reduction of potential health risks in older age.
Cigarette smoking is reported to be associated with abdominal fat in both cross-sectional (11) (12) (13) (14) (15) (16) (17) (18) and longitudinal studies (12, 17, 19) of young and middle-aged subjects. Little is known about the relation of smoking to body fat distribution in elderly people. Results from three studies show a more central obesity in cigarette smokers than nonsmokers (20) (21) (22) . However, in these studies no adjustments were made for important confounders such as physical activity level and alcohol consumption (20, 21) . In addition, the duration of smoking (20, 22) and current smoking status (21) were not taken into account, fat distribution was calculated from self-measured circumferences (22) , and no separate results were presented for waist circumference and hip circumference (20, 22) .
To address the limitations of previous studies, we investigated the relation between past and current smoking habits and body fat distribution in older men and women. Several factors known to be associated with body fat distribution, including age (2,3), education level (22) , body mass index (13, 22) , alcohol intake (22) , parity (13, 23) , physical activity level (24) , and health status (4-10) were included as potential confounders in the analyses. The duration of smoking and the amount of cigarettes smoked were also included. The data are from the baseline of the Longitudinal Aging Study Amsterdam, a population-based study of men and women aged 55-85 years.
METHODS

Population
The Longitudinal Aging Study Amsterdam (LASA) cohort was originally recruited for the study, LivingArrangementsand SocialNetworks ofOlderAdults (25) . Registries of 11 municipalities in the western, eastern, and southern regions of the Netherlands provided the sampling frame. Each area included one city and two or more rural municipalities. A total stratified random sample of 3,805 persons, weighted according to expected mortality at midterm (after 5 years) in each group (birth years 1908-12, 1913-17, 1918-22, 1923-27, 1928-32,1933-37) ,vvas obtained. The sample reflects the national distribution of urbanization and population density (25) .
From September 1992 through September 1993, the sample was approached for the first LASA cycle (baseline examination), which included a general interview (N = 3107, response rate 81.7%) followed 2 to 6 weeks later by a medical interview in the respondent's home or institutional residence (n =2671, response rate 70.2%). Of the 698 nonresponders to the general interview, 18% died before the interview, 6% could not be contacted, 19% could not be interviewed due to severe physical and/or cognitive illnesses, and 57% refused to participate in the M293 Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/54/6/M293/691627 by guest on 08 January 2019 M294 VISSER ET AL. study. Of the nonresponders to the medical interview, 2% died, 24% percent could not be contacted, 5% were not able to be interviewed, and 69% refused (26) . Nonambulatory subjects were excluded from the present study because no measurements of fat distribution could be obtained, resulting in 2,872 respondents with a complete general interview, and 2,524 respondents with a complete medical interview.
Definitionand Measurement ofVariables
During the general interview, trained interviewers from the same area as the respondent administered a questionnaire that ascertained socioeconomic status, health status, and physical activity. During the medical interview, current and former smoking habits and alcohol intake were assessed, and trained interviewers obtained the anthropometric measurements.
Bodyfat distribution.-The waist circumference, hip circumference, and their ratio (WHR, waist circumference divided by hip circumference) were used as indicators of body fat distribution (27) . Body circumferences were measured to the nearest 0.001 m with the subject in a standing position wearing undergarments. The waist circumference was measured midway between the lower rib margin and the iliac crest following a normal expiration. The hip circumference was measured at the level of the widest circumference over the greater trochanter (28) .
Smoking status.-Questions about current and former smoking habits were used to classify subjects into the following four groups: never smoked, former smoker, pipe or cigar smoker, and cigarette smoker. Cigarette smokers were further subdivided by daily consumption: <10 cigarettes, 10-20 cigarettes, and 20+ cigarettes per day. Only two women smoked pipes or cigars and were therefore included in the group smoking fewer than 10 cigarettes per day. Additional information was obtained about the starting age of smoking and, in the case of former smokers, the age of smoking cessation. Based on this information, the years of smoking were calculated. Former smokers were subdivided into three categories: stopped smoking less than 15 years ago, stopped smoking between 15 and 30 years ago, and stopped smoking 30 or more years ago. Body mass index.-The body mass index (BMI, weight standardized for height) was used as an indicator of body fatness. Height was measured to the nearest 0.001 m using a stadiometer. The height of respondents who were unable to stand, or who were wearing shoes or with a hairdo disturbing the measurement, was assigned missing (n =17). Height ofrespondents with signs of kyphosis or scoliosis as reported by the examiner (n =182) was used in the analysis. Body weight was measured to the nearest 0.1 kg using a calibrated spring balance (Seca, model 100, Lameris, Utrecht, the Netherlands). When respondents wore a corset (n =67) or clothes (n =20) during the measurement, 1 or 2 kg, respectively, were subtracted from their measured body weight.
Health status.-Health status was classified into four categories: none, one, two, or more than two reported chronic illnesses. Respondents were asked whether they had respiratory disease (asthma, chronic bronchitis, lung emphysema) or cardiovascular disease (heart disease, heart attack, arteriosclerosis), diabetes mellitus, stroke, or cancer. These diseases are associated with both body fat distribution (4-10) and smoking (29) (30) (31) (32) (33) .
Alcohol intake.-Based on the reported number of days per week and the number of alcoholic beverages usually consumed each time, respondents were classified into four groups, ranging from nondrinkers to excessive drinkers (34) .
Parity.-Female respondents were asked how many children they had. This variable was classified into no children, one or two, three or four, or more than four children. Information on parity was available for 888 women.
Physical activity level.-To assess physical activity level, respondents were asked how often and for how long they had engaged in walking, bicycling, light and heavy household activities, sports activities, and gardening activities in the past 2 weeks. The questionnaire was based on the questionnaire by Voorrips and colleagues (35) and the Zutphen Study questionnaire (36) . The time spent on sports activities in the past 2 weeks was used in the analyses because intensive activities have been found to be associated with fat distribution in older men and women (24) . Respondents were asked whether the activity pattern of the past 2 weeks was representative of the rest of the year. 
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StatisticalAnalysis
The data were analyzed using the statistical program SAS version 6.03 (Statistical Analysis System, SAS Institute Inc., Cary, NC). Subjects with missing data on waist or hip circumference, body weight, or height (n = 183) were excluded, leaving 2,341 respondents (1,163 women and 1,178 men) for the analyses. The analyses were carried out for men and women separately. The relationship between body fat distribution indices and possible confounders (age group, education level, reported number of chronic illnesses, quartile of BMI, sports activity, parity [women only], and alcohol intake) were tested using analysis of variance (ANOYA).The relationship between smoking status and these confounders was tested by using the Mantel-Haenszel chi-square test. Differences in WHR, waist circumference' or hip circumference between smoking groups were evaluated with analysis of covariance (ANCOYA). Adjustments were made for possible confounders. The analyses were repeated stratifiedby chronic illness and by age group «70 years or 70+ years of age). Results are expressed as means with their standard deviation (SD) or standard error (SE). All p values are two-sided.
RESULTS
Characteristics of the subjects are shown in Table 1 . About 33% of the men and 17% of the women were current smokers. The majority of men were former smokers (59%), whereas most women (54%) had never smoked. For 72.8% of the women and 79.9% of the men, the activity pattern of the past 2 weeks was representative for the past year.
In men and women, WHR was related to age (Table 2) , older respondents having a more abdominal fat distribution than younger respondents. Respondents with a lower education level had a higher WHR. No chronic illness was reported by 54% of the men and 63% of the women. Fewer than 4% of the men and women suffered from three or more chronic illnesses. The reported number of chronic illnesses, BMI, parity (in women), and alcohol intake were positively associated with WHR. Sports activity was negatively related to WHR. These relationships were persistent within each smoking category. Smoking was negatively associated with age in both men and women (Table 2) . Among current smokers, men started smoking at an earlier age than women: 16.5 y (SD 5.5) versus 23.5 y (SD 9.2), p = .0001, and smoked for a longer period: Smoking was negatively associated with sports activity in men, negatively associated with parity in women, and positively associated with alcohol intake in both men and women.
After adjustment for possible confounders, it was observed that male cigarette smokers had a higher WHR compared to never smokers and former smokers (Table 3) . Pipe or cigar smokers had a lower WHR compared to cigarette smokers. After adjustment, no association between smoking and WHR was observed in women. Table 3 also shows associations of smoking with separate waist and hip circumference measurements. After adjustment, the results showed a positive association between smoking and waist circumference in men. Hip circumference was negativelyassociated with smoking in women, and tended to be negativelyassociated with smoking in men. Additional adjustment for parity in women (n =888) did not change the results.
Within the group of cigarette-smoking men, there was a dose-response relationship between the number of cigarettes smoked per day and WHR (p = .01). This association became stronger after adjusting for possible confounders (p =.006).
Men smoking 20 or more cigarettes per day had a higher WHR [1.00 (SE .01)] compared to men smoking fewer than 20 cigarettes per day [0.98 (SE .01)]. Heavy-smoking men tended to have a smaller hip circumference than light smokers. In women, after adjustment, aU-shaped association of the number of cigarettes per day with WHR (p = .04) and waist (p = .01) was observed. Including years of smoking and parity (women only) as covariates did not alter the associations observed.
ANOVA was used to test the association between years since smoking cessation and fat distribution in former smokers. After adjustment for possible confounders, in men the number of years since smoking cessation was inversely associated with WHR (p = .02), indicating that recent quitters had a higher WHR compared to long-term quitters. After adjustment for potential confounders and parity, no association between years since smoking cessation and fat distribution was observed among female former smokers.
The reported findings were similar among young «70 years) and older (70+) respondents. They were also similar among healthy respondents or respondents with one or more reported chronic illnesses.
DISCUSSION
The results of this study show that smoking is associated with body fat distribution in older men. Smoking was positively associated with WHR and waist circumference,with a dose-response relation among cigarette smokers. Previous smoking was also re- 
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lated to body fat distribution in men, with WHR inversely associated with the number of years since smoking cessation. These findings are consistent with the result from a longitudinal study in young persons showing that WHR decreases in weight-stable quitters (19) . The association between current and past smoking and body fat distribution was less clear in older women.
Of the two components of WHR, waist circumference was more strongly related to smoking. Studies carried out in young men also showed a positive association between smoking and waist circumference, but no association with hip circumference (15, 16) . These findings suggest a specific relationship between smoking and abdominal fat in men.
A possible mechanism for the association between smoking and body fat distribution might be the association between smoking and serum hormone levels. It has been suggested that sex steroids may play an important role in the regulation of regional body fat accumulation and mobilization (37) (38) (39) . Smoking has been associated with higher levels of estrone and estradiol, testosterone, androstenedione, and dehydroepiandrosterone sulphate in middle-aged and elderly men and women (40) (41) (42) (43) (44) (45) (46) (47) . Additionally, a dose-response relation between the number of cigarettes smoked per day and androstenedione, estrone, and estradiol levels in men has been reported (42) .
The observed associations between past and current smoking and fat distribution were only observed in men. Sex differences in the relationship between smoking and serum sex hormone levels and the observed sex differences in the relationship between serum sex hormone levels and abdominal fat may be an explanation for these findings. For example, elevated levels of free testosterone have been reported to be associated with an upper body fat distribution in women (37, 39) , whereas in men negative associations between testosterone levels and fat distribution have been observed (38, 39) . However, study results are not consistent, and more research is warranted to clarify the underlying mechanisms, possibly related to serum hormone concentrations, that may explain the relation between smoking and fat distribution in men.
Caution is needed when interpreting the results. Smoking data were self-reported, using an interviewer-administered questionnaire. A recent meta-analysis, however, showed that an interviewer-administered questionnaire gives accurate smoking data when compared to a biochemical validation (48) . Although studies in young populations show no sex differences in smoking reporting (49, 50) , it cannot be excluded that older women, especially, may have tended to underestimate their smoking habits due to the historically negative attitude toward female smokers. This may partly explain the nonsignificant relationship between smoking and fat distribution in women.
In the present study, it was assumed that WHR and waist circumference are accurate indicators of fat distribution or abdominal fat in older men and women. Several studies showed that WHR and waist circumference are strongly correlated with abdominal fat as determined by computer tomography or magnetic resonance imaging in men and women (51, 52) . Only one study included older men and women, showing a strong positive association between waist circumference and intraabdominal fat among men and women aged 65+ years (53) . Difficulties in measuring body circumferences of elderly people, due to many skinfolds or problems in finding the exact locations, may be a problem when using WHR or waist circumference as an indicator of abdominal fat. In the present study, women had a higher BMI than men, indicating a higher overall body fatness. This may have complicated the measurements ofWHR and waist circumference in women and may have weakened the association between smoking and fat distribution.
Finally, in the present study residual confounding of social class can not be excluded. The use of education level as an index of social class may not be optimal for older respondents, but it is likely to be a better indicator of social class for men than for women. In contrast to men, education level was positively associated with smoking in women. Education level was negatively associated with WHR in both sexes. Thus, the suboptimal adjustment for social class may have masked the relationship between smoking and WHR among women, and may have strengthened the relationship among men.
In summary, the results of this cross-sectional study suggest that past and current smoking are associated with body fat distribution in older men but not in women. However, the statistically significant differences in fat distribution between groups of older men in the present study were small. Therefore, the health benefits of smoking cessation will be most likely the result of the termination of smoke inhalation, and to a lesser extent the result of a decrease in abdominal fat. Nevertheless, when studying the relationship between smoking and health status in older men, attention should be paid to the possible mediating role of body fat distribution.
